A bacterial strain designated CRZM18R
The genus Rhizobium comprises Gram-stain-negative aerobic and non-sporulating rods, which usually form white or beige, raised and mucilaginous colonies on yeast-mannitolmineral salts agar. Acid is produced from mannitol and other carbohydrates together with abundant extracellular polysaccharide [1] . The members of the genus Rhizobium are widely known as legume endosymbionts [2] ; nevertheless, they have been also found associated with roots of nonlegume plants including some cereals such as maize, rice and wheat, whose growth is promoted by these bacteria [3] [4] [5] . Some of them were firstly isolated from roots of cereals, such as Rhizobium oryzicola [6] ; nevertheless, to date, no novel species of the genus Rhizobium have been isolated from maize roots.
In this work we characterized a strain, named CRZM18 T , isolated from roots of maize, and based on its genotypic, chemotaxonomic and phenotypic characteristics we propose its classification into a novel species with the name Rhizobium zeae sp. nov.
Strain CRZM18
T was isolated from a root of Zea mays (maize) plants growing in a soil from Ciudad Rodrigo (Salamanca, Spain) during a study of root endophytes of this plant. The maize plants were collected from a sandy loam neutral soil (water pH 7) commonly cultivated with this cereal (40 34¢ 55 † N 6 31¢ 56 † W). The roots were surface-disinfected with 70 % ethanol for 1 min, 2 % NaClO for 3 min and 70 % ethanol for 30 s. Roots were then rinsed five times with sterile distilled water and crushed into a tube containing 10 ml of sterile distilled water. Samples were incubated at room temperature and 160 r.p.m. during 1 h to homogenize root tissues. Aliquots of the homogenized root tissue were inoculated on YMA (yeast mannitol agar) medium (0.4 % yeast extract, 1 % mannitol, 0.02 % K 2 HPO 4 , 0.02 % KH 2 PO 4 , 0.02 % Mg 2 SO 4 Á 7H 2 O, 0.01 % NaCl and 2 % agar) [7] , and the plates were incubated at 28 C for 4 days. In parallel, some of the disinfected entire root fragments were incubated on the same medium in order to ensure their complete external disinfection. No growth was observed around these root fragments. From the plates inoculated with the crushed roots suspension, we picked a colony that was white and mucoid, which was streaked on a YMA plate in order to obtain a pure culture. One colony was subsequently picked and designated as CRZM18
T . This strain was grown routinely on YMA plates at 28 C and cryopreserved at À80 C using glycerol as the cryoprotectant agent as described by Hungría et al. [8] .
Amplification and sequencing of the complete 16S rRNA gene of type strain CRZM18
T were carried out according to Rivas et al. [9] , and those of the recA and atpD genes according to Gaunt et al. [10] . The sequences obtained were compared with those from GenBank using the BLASTN program [11] . Sequences were aligned using the CLUSTAL X software [12] . The distances were calculated according to Kimura¢s two-parameter model [13] . Phylogenetic trees were inferred using the neighbour-joining [14] , maximum-likelihood [15] and maximum-parsimony [16] analyses. Bootstrap values were calculated for 1000 replications [17] . MEGA5 software [18] was used for all analyses.
The 16S rRNA gene of strain CRZM18R
T (1452 nucleotides) was closely related to those of Rhizobium cellulosilyticum ALA10B2
T and Rhizobium yantingense H66 T with 98.3 and 97.9 % similarity, respectively. Strain CRZM18R
T formed a cluster which also includes Rhizobium smilacinae PTYR-5 T and 'Rhizobium kunmingense' LXD30 with 96.5 and 97.0 % similarity, respectively, after neighbour-joining, maximum-likelihood and maximum-parsimony analyses (Figs 1 and S1, available in the online Supplementary Material).
The analysis of the concatenated recA and atpD genes showed that strain CRZM18R
T formed a cluster with R. cellulosilyticum ALA10B2 T , R. yantingense H66 T and R. smilacinae PTYR-5 T (Figs 2 and S2) . Nevertheless, the gene sequence similarity values were lower than 90 and 96 %, respectively, for both recA and atpD genes, which correspond to different species of the genus Rhizobium [19] .
DNA-DNA hybridization experiments were carried out as reported previously [20, 21] T . Since these percentages are below the 70 % threshold value of DNA-DNA relatedness for definition of bacterial species [22] , strain CRZM18R
T should be assigned to a novel species.
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Rhizobium soli T was used as an outgroup The significance of each branch is indicated by a bootstrap value (as percentage) calculated for 1000 subsets (only values higher than 50 % are indicated). Bar, 2 substitutions per 100 nucleotide positions. The nodes marked with filled circles and with asterisks were also obtained with the maximum-likelihood and the maximum-parsimony algorithms, respectively. Sequence accession numbers are included in parentheses after the strain designations.
DNA for analysis of DNA base composition was prepared according to the method of Chun and Goodfellow [23] . The G+C content (mol%) of DNA was determined using the thermal denaturation method [24] . The DNA G+C content of strain CRZM18R T was 62.7 %, which is within the range reported for species of the genus Rhizobium [1] . This value is similar to those of the most closely related species R. smilacinae [25] and R. yantingense [26] and higher than that of R. cellulosilyticum [27] .
The cellular fatty acids were analysed by using the Microbial Identification System (Microbial ID, MIDI) Sherlock 6.1 and the library RTSBA6 according to the technical instructions provided by this system [28] . Strains CRZM18R T , R. cellulosilyticum ALA10B2 T , R. yantingense LMG 28229 T , R. smilacinae LMG 27604 T and R. leguminosarum USDA 2370 T were cultured aerobically on TY plates [29] at 28 C, and cells were collected during the late-exponential phase of growth. The results obtained showed that the major fatty acids of strain CRZM18R
T were those from summed feature 8 (C 18 : 1 !6c/C 18 : 1 !7c) and C 16 : 0 (Table 1) . Slight differences were found in the fatty acid profile of strain CRZM18R T with respect to those of the most closely related species, particularly in C 19 : 0 cyclo !8c, which was present in higher amounts in strain CRZM18R
T than in R. yantingense LMG 28229 T and in lower amounts than in R. smilacinae LMG 27604 T ( Table 1) . As expected, due to the phylogenetic distance found with respect to R. leguminosarum USDA 2370 T , more relevant differences were found with respect to this strain, particularly in the amounts of C 18 : 0 and C 18 : 1 !7c 11-methyl. The phenotypic characterization was performed in this study using the same tests and methodologies previously reported [19, 30] including API ID32GN and API 20NE systems (with the addition of MgSO 4 up to a final concentration of 0.02 g l
À1
). The results were read after 7 days of incubation at 28 C. Growth temperature range was determined by incubating cultures in YMA medium at 4, 15, 28, 37 and 45 C. Growth pH range was determined in the same medium with final pH 4.0, 6, 7, 8, 9 and 10. PCA buffer (0.4 M Na 2 HPO 4 and 0.2 M citric acid) was used to adjust the pH from 4 to 6, phosphate buffer (0.2 M Na 2 HPO 4 and 0.2 M NaH 2 PO 4 ) was used for pH 7 and 0.2 M TE buffer was used for pH 8 and 9. Salt tolerance was tested in the same medium containing 0.5, 1, 1.5, 2, 2.5, 3, 3.5 and 4 % (w/v) NaCl. Catalase and oxidase were detected as previously described [31] . The production of caseinase and amylase was analysed as described by Claus and Berkeley [32] . The production of exoenzymes (on pnitrophenyl phosphate substrates) was analysed as previously described by Vel azquez et al. [33] . Acid production from carbon sources was tested in liquid Bergersen's medium [34] . To test the natural antibiotic resistance, the 
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Rhizobium lemnae L6- T were included in the phenotypic study as references. Phenotypic characteristics of the novel species are reported below in the species description, and the differences with respect to the phylogenetically closest species of the genus Rhizobium are recorded in Tables 2 and S1. Strain  CRZM18R T was sensitive to ciprofloxacin, tetracycline, neomycin and gentamycin and resistant to polymyxin B, penicillin, ampicillin, cefuroxime and cloxacillin. It was weakly sensitive to erythromycin. Strain CRZM18R T differed from the most closely related species in nitrate reduction, the production of some exoenzymes, growth at pH 5 and in the presence of 2 % NaCl, the assimilation as sole carbon and energy source of several compounds and resistance to cefuroxime. These differences support the assignment of strain CRZM18R
T to a novel species of the genus Rhizobium.
PCR amplification of the nodC gene, which is one of the common nodulation genes nodABC involved in legume nodulation and specificity [35] , was performed according to the method of Laguerre et al. [36] using Rhizobium tropici CIAT 899
T as positive control. The nodC gene was nod detected in the strain CRZM18R
T by PCR whereas it was amplified in the positive control R. tropici CIAT 899 T (data not shown).
Based on the phenotypic and genotypic characteristics, we propose to classify strain CRZM18R
T into a novel species named Rhizobium zeae sp. nov.
DESCRIPTION OF RHIZOBIUM ZEAE SP. NOV.
Rhizobium zeae (ze¢ae. L. gen. n. zeae of Zea mays).
Cells are Gram-stain-negative rods that are 0.6-0.9 µm wide and 2.0-3.0 µm long. Colonies are small and pearl-whitecoloured on YMA at 28 C, which is the optimal growth temperature. The optimum pH for growth is pH 7-7.5. The optimal NaCl concentration for growth is 1 %. Growth is observed in the presence of 3. The type strain, CRZM18R T (=LMG 29735 T =CECT 9169 T ), was isolated from a root of Zea mays in Spain. The DNA G+C content of strain CRZM18R
T is 62.7 mol%.
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